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HIGH THROUGHPUT DIRECTED EVOLUTION BY 
RATIONAL MUTAGENESIS 

RELATED APPLICATIONS 

[0001] Bene?t of priority under 35 USC §119(e) is 
claimed to US. provisional application Serial No. 60/315, 
382, ?led Aug. 27, 2001, to Manuel Vega, Lila Drittanti and 
Marjorie Flaux, entitled “HIGH THROUGHPUT 
DIRECTED EVOLUTION BY RATIONAL MUTAGEN 
ESIS.” The subject matter of this application is incorporated 
in its entirety by reference thereto. 

FIELD OF INVENTION 

[0002] Processes and systems for the high throughput 
directed evolution of peptides and proteins, particularly 
those that act in complex biological settings, are provided. 
The proteins and peptides include, but are not limited to, 
intracellular proteins, messenger/signaling/hormone pro 
teins and viral proteins. 

BACKGROUND 

[0003] Directed evolution refers to biotechnological pro 
cesses for optimiZing the activity of proteins by means of 
random changes introduced into selected respective genes. 
Directed evolution involves the creation of a library of 
mutated genes, and then selection of the mutants that encode 
proteins having desired properties. The process can be an 
iterative one in Which gene products that have improvement 
in a desired property are subjected to further cycles of 
mutation and screening. Directed evolution provides a Way 
to adapt natural proteins to Work in neW chemical or 
biological environments, and/or to elicit neW functions. The 
potential plasticity of proteins is such that chances exist that 
for every neW challenge, such as a neW environment and 
desired neW or altered activity, it should be possible, given 
a suf?cient pool of modi?ed proteins (or encoding nucleic 
acids), that an appropriately ‘evolved’ protein could be 
found that Would have a desired activity. The problem is in 
generating and then identifying the appropriate sequence. 

[0004] There have been practical approaches to this prob 
lem (see, e.g., US. Pat. Nos. 6,096,548; 6,117,679; 6,165, 
793; 6,180,406; 6,132,970; 6,171,820; 6,238,884; 6,174, 
673; 6,057,103; 6,001,574; 5,763,239; 5,837,500; 5,571, 
698; 6,156,509; 5,723,323; 5,862,514; 5,871,974; 5,779,434 
and others). Typically theses approaches are of tWo types. 
One is a purely “rational” approach that is based on the 
assumption that the optimiZed proteins can be rationally 
designed. This, hoWever, requires suf?cient information 
regarding the laWs that govern protein folding, molecular 
interactions, intra-molecular forces and other dynamics of 
protein activity. This rational approach is extremely depen 
dent on a number of variables and parameters that are not 
knoWn. Consequently, although useful in some speci?c 
cases and applications, the rational approach intended to 
‘predict’ protein structure remains limited in applicability. 

[0005] In contrast to the rational approach, random 
approaches have also been employed. One random approach 
requires synthesis of all possible protein sequences or a 
statistically suf?cient large number of proteins and then 
screening them to identify proteins having the desired activ 
ity or property. Since the resources to synthesiZe all possible 
theoretical sequences of a single protein is not possible, this 
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approach is impracticable. Other random approaches are 
based on gene shuf?ing methods, Which are PCR-based 
methods that generate random rearrangements betWeen tWo 
or more sequence-related genes to randomly generate vari 
ants of the gene. 

[0006] The development and scope of directed evolution, 
thus, has been limited, and its potential remains to be 
exploited. In order to exploit the potential of directed 
evolution, alternative approaches for generating and identi 
fying evolved proteins are needed. It is an object herein to 
provide methods and products to exploit the potential of 
directed evolution. 

SUMMARY 

[0007] Provided herein are methods for performing 
directed evolution for the optimiZation of proteins that 
function in complex biological settings. Methods of high 
throughput directed evolution of proteins are provided. In 
practicing the methods, each molecule is individually 
designed, produced, processed, screened and tested in a high 
throughput format. Neither random or combinatorial meth 
ods nor mixtures of molecules are used. 

[0008] The methods provided herein include the steps of 
identifying a protein target of interest; obtaining nucleic 
acids that encode the target, Which may be from any source, 
such as a natural library, a collection generated by knoWn 
gene shuf?ing techniques and related methods, and, then 
creating variants of the proteins using methods for rational 
mutagenesis provided herein. Whatever method is used to 
select or generate the nucleic acids encoding the protein 
targets, each molecule is processed and screened separately 
in a high throughput format. 

[0009] The nucleic acids encoding each variant are indi 
vidually screened. They can be screened in any suitable 
assay, including cell-based assays and biochemical assays. 
For cell based assays, each nucleic acid molecule is intro 
duced into an expression vector for expression in a bacterial 
cell or into a vector for expression in a eukaryotic host cell. 
In all instances, the nucleic acids of interest are introduced 
into host cells in an expression vector, such as by transfec 
tion for bacterial hosts and transduction With viral vectors 
into eukaryotic hosts With viral vectors. 

[0010] Each variant is introduced into a host and the 
resulting cells are maintained separately, such as in an 
addressable array of Wells in a microtiter plate or other 
substrate With discrete locations for performing reactions or 
retaining molecules of interest. Typical formats are 96 loci, 
and multiples thereof (384, 1536, 3072, . . . 96 x n, Where 

n is 1 to any number desired, such as 10, 20, 30, 50 . . . 100), 
although any convenient number of loci may be employed. 

[0011] Since the process is conducted in a high throughput 
format, for many embodiments, it is often important to 
assess the relative numbers of transformed, transduced or 
transfected cells. Hence the relative (or actual) titer of the 
vector, such as the recombinant viral vector, must be knoWn 
to permit analysis of results. For high throughput formats, it 
is important to assess the relative or actual concentration of 
the viral vector (or plasmid) so that results can be compared 
among all cells and variants. Methods for titering (deter 
mining the concentration) of the nucleic acid encoding the 
variant and/or the recombinant virus are also provided. 
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[0012] The processes require accurate titering of the 
viruses in a collection or among collections (libraries) so 
that the activities of the screened mutant proteins can be 
compared. Provided are general methods for the quantitative 
assessment of the parameters of activity corresponding to 
the individual variants in the library, based upon intracellular 
serial dilution generated by precise tittering With the gene 
transfer viral vectors Any method permits accurate titering 
may be used, including that described nInternational PCT 
application No. PCT/FR01/01366, based on French appli 
cation n0 0005852, ?led May 9, 2000, and published as 
International PCT application No. WO 01/186291. A 
method of titering, designated Tagged Replication and 
Expression Enhancement Technology (TREETM) is provided 
herein. 

[0013] Each of the different cells is separately screened by 
a suitable assay, and the results analyZed. Methods for 
assessing the interactions in biological systems, such as a 
Hill-based analysis (see, published International PCT appli 
cation No. WO 01/44809 based on PCT nO PCT/FR00/ 
03503, December, 2000, and the description herein), or a 
second order polynomial or other algorithm that describes 
the interaction betWeen cells and biological agents to select 
variants that have a desired property are employed in the 
processes herein. 

[0014] A semi-rational method for evolution of proteins 
that is particularly designed for use in the methods herein or 
in any method that uses “evolved” proteins is also provided. 
The method, Which is based on an amino-acid scanning 
protocol, is for rationally designing the variants for use in 
the directed evolution and selection method, and can employ 
iterative processing of the steps of the high throughput 
methods provided herein. In this method, once the target 
protein or domain is identi?ed, nucleic acid molecules 
encoding variants are prepared. Each variant encoded by the 
nucleic acid molecules has a single amino acid replaced With 
another selected amino acid, such as alanine (Ala), glycine 
(Gly), serine (Ser) or any other suitable amino acid, typically 
one selected to have a neutral effect on secondary and 
tertiary structure. The resulting series of variants are sepa 
rately screened in the high throughput format provided 
herein, and those that have a change in the target activity are 
selected and the modi?ed amino acids are designated “hits.” 
Nucleic acid molecules encoding proteins in Which each hit 
position is replaced by the eighteen remaining amino acids 
then are synthesiZed and the resulting collection of mol 
ecules are screened, such by introduction into host cells, and 
the proteins that result in a improvement of a targeted 
activity, are identi?ed. Such proteins are designated “leads.” 
Leads may be further modi?ed by producing proteins that 
have combinations of the mutations identi?ed in the leads. 
This method, Which does not require any knoWledge of the 
structure of a target protein, permits precise control of 
locations Where changes are introduced and also the amount 
of change that is introduced. 

[0015] The high throughput directed evolution processes 
provided herein include the use of virus libraries containing 
mutant versions of a gene; viral libraries of such mutant 
genes are also provided. 

[0016] Reporter cells are infected With the titered viruses 
that encode the mutant genes. The mutant genes are 
expressed and read-out data from either biochemical or 
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cell-based assays, While isolating each mutant/virus physi 
cally from the others (i.e. one-by-one analysis), are collected 
and analyZed. Serial dilution assays (i.e. a series of dilutions 
for each individual mutant/virus in the library) are used and 
the biochemical/cell-based assays are performed on each 
single dilution for each individual mutant/virus. Analysis of 
the serial dilution readout-data can be performed using any 
method of analysis that permits one-by-one comparisons. 
Hill-based analysis (see, published International PCT appli 
cation No. WO 01/44809 based on PCT nO PCT/FR00/ 
03503, December, 2000, and the description herein) are 
employed for analysis of the data. 

[0017] Protein/protein domain variants identi?ed using the 
methods are also provided. Also provided are nucleic acid 
molecules and proteins and polypeptides produced by the 
methods and viruses and cells that contain the nucleic acid 
moleucles and proteins. 

[0018] In an exemplary embodiment of methods provided 
herein, the process of rational directed evolution provided 
herein is applied to the AAV rep gene. The resulting recom 
binant rep protein variants and rAAV are also provided. 
Among the rep proteins are those that result in increased 
rAAV production in rAAV that encode such mutants, 
thereby, among a variety of advantages, offering a solution 
to the need in the gene therapy industry to increase the 
production therapeutic vectors Without up-scaling manufac 
turing. 

[0019] Thus, for exempli?cation, some methods provided 
herein have been used to identify amino acid “hit” positions 
in adeno-associated virus (AAV) rep proteins that are rel 
evant for AAV or rAAV production. Those amino acid 
positions are such that a change in the amino acid leads to 
a change in protein activity either to loWer activity or to 
higher activity compared to native-sequence Rep proteins. 
The hit positions Were then used to generate further mutants 
designated “leads.” Provided herein are the resulting mutant 
rep proteins that result in either higher or loWer levels of 
AAV or rAAV virus compared to the Wild-type (native) Rep 
protein(s). 
[0020] In addition to enhancing AAV production, among 
the rep mutants are those that inhibit papillomavirus (PV) 
and PV-associated diseases, including certain cancers and 
human immunode?ciency virus (HIV) and HIV-associated 
diseases. 

[0021] Systems and computer controlled systems for per 
forming the high throughput processes are also provided. 

DESCRIPTION OF THE FIGURES 

[0022] FIGS. 1 summariZe various exemplary embodi 
ments of the high throughput processes provided herein. 
FIG. 1A depicts an embodiment of the process in Which an 
amino acid scan is employed to generate a library of 
mutants, Which are then introduced into viral vectors, such 
as an adeno-associated viral vector (AAV), an herpes virus, 
such as herpes simplex virus (HSV) and other herpes virus 
vectors, a vaccinia virus vector, retroviral vectors, such as 
MuMLV, MoMLV, feline leukemia virus, and HIV and other 
lentiviruses, adenovirus vectors and other suitable viral 
vector, each member of the library is individually tested and 
phenotypically characteriZed to identify HITS. FIG. 1B 
summariZes round 2 in Which LEADS are developed by 
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mutagenesis at and/or surrounding the positions identi?ed as 
HITS; FIG. 1C summarizes the optional next round in 
Which recombination among LEADS is performed to further 
optimiZe the LEADS; FIG. 1D depicts the process in 
mammalian cells; and FIG. 1E depicts the process in 
bacterial cells. 

[0023] FIG. 2A depicts an exemplary titering process (in 
this instance the TREETM for titering AAV) in a 96 Well 
format; FIG. 2B shoWs the results and analysis of a titering 
process performed using the TREETM procedure; and FIG. 
2C shoWs an exemplary calibration curve for the calculation 
of the titer using the TREETM method. 

[0024] FIG. 3A and 3B depict “HITS” and “LEADS” 
respectively for identi?cation of AAV rep mutants “evolved” 
for increased activity. 

[0025] FIG. 4 shoWs the genetic map of AAV, including 
the location of promoters, and transcripts; amino acid 1 of 
the Rep 78 gene is at nucleotide 321 in the AAV-2 genome. 

[0026] FIGS. 5A and 5B shoW the alignment of amino 
acid sequences of Rep78 among AAV-1; AAV-6; AAV-3; 
AAV-3B; AAV-4; AAV-2; AAV-S sequences, respectively; 
the hit positions With 100 percent homology among the 
serotypes are bolded italics, Where the position is different 
(compared to AAV-2, no. 6 in the Figure) in a particular 
serotype, it is in bold; a sequence indicating relative con 
servation of sequences among the serotypes is labeled “C”. 

[0027] Legend: 

[0028] 1 is AAV-l; 2 is AAV-6, 3 is AAV-3, 4 is 
AAV-3B, 

[0029] 5 is AAV-4, 6 is AAV-2, and 7 is AAV-S; 

[0030] “.” Where the amino acid is present 220%; 

[0031] “z” Where the amino acid is present 240%; 

[0032] “+” Where the amino acid is present 260%; 

[0033] “*” Where the amino acid is present 280%; 
and 

[0034] Where the amino acid is the same amongst 
all serotypes depicted it is represented by its single 
letter code. 

DETAILED DESCRIPTION 

[0035] A. De?nitions 

[0036] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as is com 
monly understood by one of skill in the art to Which this 
invention belongs. All patents, patent applications, pub 
lished applications and publications, Genbank sequences, 
Websites and other published materials referred to through 
out the entire disclosure herein are, unless noted otherWise, 
incorporated by reference in their entirety. In the event that 
there are a plurality of de?nitions for terms herein, those in 
this section prevail. 

[0037] As used herein, directed evolution refers to meth 
ods that adapt” natural proteins or protein domains to Work 
in neW chemical or biological environments and/or to elicit 
neW functions. It is more a more broad-based technology 
than DNA shuffling. 
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[0038] As used herein, high-throughput screening (HTS) 
refers to processes that test a large number of samples, such 
as samples of test proteins or cells containing nucleic acids 
encoding the proteins of interest to identify structures of 
interest or the identify test compounds that interact With the 
variant proteins or cells containing them. HTS operations 
are amenable to automation and are typically computeriZed 
to handle sample preparation, assay procedures and the 
subsequent processing of large volumes of data. 

[0039] As used herein, DNA shuffling is a PCR-based 
technology that produces random rearrangements betWeen 
tWo or more sequence-related genes to generate related, 
although different, variants of given gene. 

[0040] As used herein, “hits” are mutant proteins that have 
an alteration in any attribute, chemical, physical or biologi 
cal property in Which such alteration is sought. In the 
methods herein, hits are generally generated by systemati 
cally replacing each amino acid in a protein or a domain 
thereof With a selected amino acid, typically Alanine, Gly 
cine, Serine or any amino acid, as long as each residue is 
replaced With the same residue. Hits may be generated by 
other methods knoWn to those of skill in the art and tested 
by the high throughput methods herein. For purposes herein 
a Hit typically has activity With respect to the function of 
interest that differs by at least 10%, 20%, 30% or more from 
the Wild type or native protein. The desired alteration, Which 
is generally a reduction in activity, Will depend upon the 
function or property of interest. 

[0041] As used herein, “leads” are “hits” Whose activity 
has been optimiZed for the particular attribute, chemical, 
physical or biological property. In the methods herein, leads 
are generally produced by systematically replacing the hit 
loci With all remaining 18 amino acids, and identifying those 
among the resulting proteins that have a desired activity. The 
leads may be further optimiZed by replacement of a plurality 
of “hit” residues. Leads may be generated by other methods 
knoWn to those of skill in the and tested by the high 
throughput methods herein. For purposes herein a lead 
typically has activity With respect to the function of interest 
that differs from the native activity, by a desired amount and 
is at by at least 10%, 20%, 30% or more from the Wild type 
or native protein. Generally a Lead Will have an activity that 
is 2 to 10 or more times the native protein for the activity of 
interest. As With hits, the change in the activity is dependent 
upon the activity that is “evolved.” The desired alteration 
Will depend upon the function or property of interest. 

[0042] As used herein, MOI is multiplicity of infection. 

[0043] As used herein, ip, With reference to a virus or 
recombinant vector, refers to a titer of infectious particles. 

[0044] As used herein, pp refers to the total number of 
vector (or virus) physical particles 

[0045] As used herein, biological and pharmacological 
activity includes any activity of a biological pharmaceutical 
agent and includes, but is not limited to, biological ef? 
ciency, transduction ef?ciency, gene/transgene expression, 
differential gene expression and induction activity, titer, 
progeny productivity, toxicity, cytotoxicity, immunogenic 
ity, cell proliferation and/or differentiation activity, anti-viral 
activity, morphogenetic activity, teratogenetic activity, 
pathogenetic activity, therapeutic activity, tumor suppressor 
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activity, ontogenetic activity, oncogenetic activity, enZy 
matic activity, pharmacological activity, cell/tissue tropism 
and delivery. 

[0046] As used herein, “output signal” refers to param 
eters that can be followed over time and, if desired, quan 
ti?ed. For example, When a virus infects a cell, the infected 
cell undergoes a number of changes. Any such change that 
can be monitored and used to assess infection, is an “output 
signal,” and the cell is referred to as a “reporter cell.” Output 
signals include, but are not limited to, enZyme activity, 
?uorescence, luminescence, amount of product produced 
and other such signals. Output signals include expression of 
a viral gene or viral gene product, including heterologous 
genes (transgenes) inserted into the virus. Such expression is 
a function of time (“t”) after infection, Which in turn is 
related to the amount of virus used to infect the cell, and, 
hence, the concentration of virus (“s”) in the infecting 
composition. For higher concentrations the output signal is 
higher. For any particular concentration, the output signal 
increases as a function of time until a plateau is reached. 
Output signals may also measure the interaction betWeen 
cells, expressing heterologous genes, and biological agents 

[0047] As used herein, adeno-associated virus (AAV) is a 
defective and non-pathogenic parvovirus that requires co 
infection With either adenovirus or herpes virus for its 
groWth and multiplication, able of providing helper func 
tions. A variety of serotypes are knoWn, and contemplated 
herein. Such serotypes include, but are not limited to1AAV-1 
(Genbank accession no. NC002077; accession no. VR-645); 
AAV-2 (Genbank accession no. NC001401; accession no. 
VR-680); AAV-3 (Genbank accession no. NC001729; aces 
sion no. VR-681); AAV-3b (Genbank accession no. 
NC001863); AAV-4 (Genbank accession no. NC001829; 
ATCC accession no. VR-646); AAV-6 (Genbank accession 
no.NC001729); and avian associated adeno-virus (AT CC 
accession no. VR-1449). The preparation and use of AAVs 
as vectors for gene expression in vitro and for in vivo use for 
gene therapy is Well knoWn (see, e.g., US. Pat. Nos. 
4,797,368, 5,139,941, 5,798,390 and 6,127,175; Tessier et 
al. (2001) J. Viral. 751375-383; Salvetti et al. (1998) Hum 
Gene Ther 201695-706; Chadeuf et al. (2000) J Gene Med 
21260-268). 
[0048] As used herein, the activity of a Rep protein or of 
a capsid protein refers to any biological activity that can be 
assessed. In particular, herein, the activity assessed for the 
rep proteins is the amount (i.e., titer) of AAV produced by a 
cell. 

[0049] As used herein, the Hill equation is a mathematical 
model that relates the concentration of a drug (i.e., test 
compound or substance) to the response being measured 

[0050] Where y is the variable being measured, such as a 
response, signal, yrnaX is the maximal response achievable, 
[D] is the molar concentration of a drug, [D50] is the 
concentration that produces a 50% maximal response to the 
drug, n is the slope parameter, Which is 1 if the drug binds 
to a single site and With no cooperativity betWeen or among 
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sites. A Hill plot is log1O of the ratio of ligand-occupied 
receptor to free receptor vs. log [D] The slope is n, 
Where a slope of greater than 1 indicates cooperativity 
among binding sites, and a slope of less than 1 can indicate 
heterogeneity of binding. This general equation has been 
employed for assessing interactions in complex biological 
systems (see, published International PCT application No. 
WO 01/44809 based on PCT nO PCT/FR00/03503, see, also, 
EXAMPLES). 
[0051] As used herein, in the Hill-based analysis (pub 
lished International PCT application No. WO 01/44809 
based on PCT nO PCT/FR00/03503), the parameters, at, k, T, 
e, 11, 0, are as follows: 

[0052] at potency of the biological agent acting on the 
assay (cell-based) system; 

[0053] k constant of resistance of the assay system to 
elicit a response to a biological agent; 

[0054] e is global efficiency of the process or reaction 
triggered by the biological agent on the assay sys 
tem; 

[0055] T is the apparent titer of the biological agent; 

[0056] 0 is the absolute titer of the biological agent; 
and 

[0057] 72 is the heterogeneity of the biological pro 
cess or reaction. 

[0058] In particular, as used herein, the parameters at 
(potency) or k (constant of resistance) are used to respec 
tively assess the potency of a test agent to produce a 
response in an assay system and the resistance of the assay 
system to respond to the agent. 

[0059] As used herein, e(efficiency), is the slope at the 
in?exion point of the Hill curve (or, in general, of any other 
sigmoidal or linear approximation), to asses the efficiency of 
the global reaction (the biological agent and the assay 
system taken together) to elicit the biological or pharmaco 
logical response. 

[0060] As used herein, T (apparent titer) is used to mea 
sure the limiting dilution or the apparent titer of the bio 
logical agent. 

[0061] As used herein, 0 (absolute titer), is used to mea 
sure the absolute limiting dilution or titer of the biological 
agent. 

[0062] As used herein, 72 (heterogeneity) measures the 
existence of discontinuous phases along the global reaction, 
Which is re?ected by an abrupt change in the value of the 
Hill coefficient or in the constant of resistance. 

[0063] As used herein, a library of mutants refers to a 
collection of plasmids or other vehicles that carrying (encod 
ing) the gene variants, such that individual plasmid or other 
vehicles carry individual gene variants. When a library of 
proteins is contemplated, it Will be so-stated. 

[0064] As used herein, a “reporter cell” is the cell that 
“reports”, i.e., undergoes the change, in response to intro 
duction of the nucleic acid infection and, therefore, it is 
named here a reporter cell. 



US 2003/0134351 A1 

[0065] As used herein, “reporter” or “reporter moiety” 
refers to any moiety that allows for the detection of a 
molecule of interest, such as a protein expressed by a cell. 
Typical reporter moieties include, for example, ?uorescent 
proteins, such as red, blue and green ?uorescent proteins. 
For expression in cells, nucleic acid encoding the reporter 
moiety can be expressed as a fusion protein With a protein 
of interest or under to the control of a promoter of interest. 

[0066] As used herein, a titering virus increases or 
decreases the output signal from a reporter virus, Which is a 
virus that can be detected, such as by a detectable label or 
signal. 

[0067] As used herein, phenotype refers to the physical or 
other manifestation of a genotype (a sequence of a gene). In 
the methods herein, phenotypes that result from alteration of 
a genotype are assessed. 

[0068] As used herein, activity refers to the function or 
property to be evolved An active site refers to a site(s) 
responsible or that participates in conferring the activity or 
function. The activity or active site evolved (the function or 
property and the site conferring or participating in confer 
ring the activity) may have nothing to do With natural 
activities of a protein. For example, it could be an ‘active 
site’ for conferring immunogenicity (immunogenic sites or 
epitopes) on a protein. 

[0069] As used herein, the amino acids, Which occur in the 
various amino acid sequences appearing herein, are identi 
?ed according to their knoWn, three-letter or one-letter 
abbreviations (see, Table 1). The nucleotides, Which occur in 
the various nucleic acid fragments, are designated With the 
standard single-letter designations used routinely in the art. 

[0070] As used herein, amino acid residue refers to an 
amino acid formed upon chemical digestion (hydrolysis) of 
a polypeptide at its peptide linkages. The amino acid resi 
dues described herein are presumed to be in the “L” isomeric 
form. Residues in the “D” isomeric form, Which are so 
designated, can be substituted for any L-amino acid residue, 
as long as the desired functional property is retained by the 
polypeptide. NH2 refers to the free amino group present at 
the amino terminus of a polypeptide. COOH refers to the 
free carboxy group present at the carboxyl terminus of a 
polypeptide. In keeping With standard polypeptide nomen 
clature described in J. Biol. Chem, 243:3552-59 (1969) and 
adopted at 37 C.F.R. §§1.821-1.822, abbreviations for amino 
acid residues are shoWn in the folloWing Table: 

TABLE 1 

Table of Correspondence 

SYMBOL 

1-Ietter 3-Letter AMINO ACID 

Y Tyr tyrosine 
G Gly glycine 
F Phe phenylalanine 
M Met methionine 
A Ala alanine 
S Ser serine 
I Ile isoleucine 
L Leu leucine 
T Thr threonine 
V Val valine 
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TABLE 1-continued 

Table of Correspondence 

SYMBOL 

1-Letter 3-Letter AMINO ACID 

P Pro proline 
K Lys lysine 
H His histidine 
Q Gln glutamine 
E Glu glutamic acid 
Z Glx Glu and/or Gln 
W Trp tryptophan 
R Arg arginine 
D Asp aspartic acid 
N Asn asparagine 
B Asx Asn and/or Asp 
C Cys cysteine 
X Xaa Unknown or other 

[0071] It should be noted that all amino acid residue 
sequences represented herein by formulae have a left to right 
orientation in the conventional direction of amino-terminus 
to carboxyl-terminus. In addition, the phrase “amino acid 
residue” is broadly de?ned to include the amino acids listed 
in the Table of Correspondence and modi?ed and unusual 
amino acids, such as those referred to in 37 C.F.R. §§1.821 
1.822, and incorporated herein by reference. Furthermore, it 
should be noted that a dash at the beginning or end of an 
amino acid residue sequence indicates a peptide bond to a 
further sequence of one or more amino acid residues or to an 
amino-terminal group such as NH2 or to a carboxyl-terminal 
group such as COOH. 

[0072] In a peptide or protein, suitable conservative sub 
stitutions of amino acids are knoWn to those of skill in this 
art and may be made generally Without altering the biologi 
cal activity of the resulting molecule. Those of skill in this 
art recogniZe that, in general, single amino acid substitutions 
in non-essential regions of a polypeptide do not substantially 
alter biological activity (see, e.g., Watson et al. Molecular 
Biology of the Gene, 4th Edition, 1987, The Benj amin/ 
Cummings Pub. co., p.224). 
[0073] Such substitutions are preferably made in accor 
dance With those set forth in TABLE 2 as folloWs: 

TABLE 2 

Original residue Conservative substitution 

Ala (A) Gly; Ser 
Arg (R) Lys 
Asn (N) Gln; His 
Cys (C) Ser 
Gln (Q) Asn 
Glu Asp 
Gly (G) Ala; Pro 
His Asn; Gln 
Ile Leu; Val 
Leu L Ile; Val 
Lys Arg; Gln; Glu 
Met Leu; Tyr; Ile 
Phe Met; Leu; Tyr 
Pro (P) Ala; Gly 
Ser (S) Thr 
Thr Ser 
Trp Tyr 
Tyr (Y) Trp; Phe 
Val (V) Ile; Leu 
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[0074] Other substitutions are also permissible and may be 
determined empirically or in accord With known conserva 
tive substitutions. 

[0075] As used herein, nucleic acids include DNA, RNA 
and analogs thereof, including protein nucleic acids (PNA) 
and mixture thereof. Nucleic acids can be single or double 
stranded. When referring to probes or primers, optionally 
labeled, With a detectable label, such as a ?uorescent or 
radiolabel, single-stranded molecules are contemplated. 
Such molecules are typically of a length such that they are 
statistically unique of loW copy number (typically less than 
5, preferably less than 3) for probing or priming a library. 
Generally a probe or primer contains at least 14, 16 or 30 
contiguous of sequence complementary to or identical a 
gene of interest. Probes and primers can be 10, 14, 16, 20, 
30, 50, 100 or more nucleic acid bases long. 

[0076] As used herein, by homologous means about 
greater than 25% nucleic acid sequence identity, preferably 
25% 40%, 60%, 80%, 90% or 95%. The intended percentage 
Will be speci?ed. The terms “homology” and “identity” are 
often used interchangeably. In general, sequences are 
aligned so that the highest order match is obtained (see, e. g.: 
Computational Molecular Biology, Lesk, A. M., ed., Oxford 
University Press, NeW York, 1988; Biocomputing: Informat 
ics and Genome Projects, Smith, D. W., ed., Academic 
Press, NeW York, 1993; Computer Analysis of Sequence 
Data, Part 1, Grif?n,A. M., and Griffin, H. G., eds., Humana 
Press, NeW Jersey, 1994; Sequence Analysis in Molecular 
Biology, von Heinje, G., Academic Press, 1987; and 
Sequence Analysis Primer, Gribskov, M. and Devereux, J., 
eds., M Stockton Press, NeW York, 1991; Carillo et al. 
(1988) SIAMJApplied Math 48:1073). By sequence iden 
tity, the number of conserved amino acids are determined by 
standard alignment algorithms programs, and are used With 
default gap penalties established by each supplier. Substan 
tially homologous nucleic acid molecules Would hybridiZe 
typically at moderate stringency or at high stringency all 
along the length of the nucleic acid of interest. Also con 
templated are nucleic acid molecules that contain degenerate 
codons in place of codons in the hybridiZing nucleic acid 
molecule. 

[0077] As used herein, a nucleic acid homolog refers to a 
nucleic acid that includes a preselected conserved nucleotide 
sequence, such as a sequence encoding a therapeutic 
polypeptide. By the term “substantially homologous” is 
meant having at least 80%, preferably at least 90%, most 
preferably at least 95% homology thereWith or a less per 
centage of homology or identity and conserved biological 
activity or function. 

[0078] The terms “homology” and “identity” are often 
used interchangeably. In this regard, percent homology or 
identity may be determined, for example, by comparing 
sequence information using a GAP computer program. The 
GAP program uses the alignment method of Needleman and 
Wunsch (J. Mol. Biol. 48:443 (1970), as revised by Smith 
and Waterman (Adv. Appl. Math. 2:482 (1981). Brie?y, the 
GAP program de?nes similarity as the number of aligned 
symbols (i.e., nucleotides or amino acids) Which are similar, 
divided by the total number of symbols in the shorter of the 
tWo sequences. The preferred default parameters for the 
GAP program may include: (1) a unitary comparison matrix 
(containing a value of 1 for identities and 0 for non 
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identities) and the Weighted comparison matrix of Gribskov 
and Burgess, Nucl. Acids Res. 14:6745 (1986), as described 
by SchWartZ and Dayhoff, eds., ATLAS OF PROTEIN 
SEQUENCE AND STRUCTURE, National Biomedical 
Research Foundation, pp. 353-358 (1979); (2) a penalty of 
3.0 for each gap and an additional 0.10 penalty for each 
symbol in each gap; and (3) no penalty for end gaps. 

[0079] Whether any tWo nucleic acid molecules have 
nucleotide sequences that are, for example, at least 80%, 
85%, 90%, 95%, 96%, 97%, 98% or 99% ,“identical” can be 
determined using knoWn computer algorithms such as the 
“FAST A” program, using for example, the default param 
eters as in Pearson and Lipman, Proc. Natl. Acad. Sci. USA 
85:2444 (1988). Alternatively the BLAST function of the 
National Center for Biotechnology Information database 
may be used to determine identity 

[0080] In general, sequences are aligned so that the high 
est order match is obtained. “Identity” per se has an art 
recogniZed meaning and can be calculated using published 
techniques. (See, e.g.: Computational Molecular Biology, 
Lesk, A. M., ed., Oxford University Press, NeW York, 1988; 
Biocomputing: Informatics and Genome Projects, Smith, D. 
W., ed., Academic Press, NeW York, 1993; ComputerAnaly 
sis of Sequence Data, Part 1, Grif?n, A. M., and Grif?n, H. 
G., eds., Humana Press, NeW Jersey, 1994; SequenceAnaly 
sis in Molecular Biology, von Heinje, G., Academic Press, 
1987; and Sequence Analysis Primer, Gribskov, M. and 
Devereux, J ., eds., M Stockton Press, NeW York, 1991). 
While there exist a number of methods to measure identity 
betWeen tWo polynucleotide or polypeptide sequences, the 
term “identity” is Well knoWn to skilled artisans (Carillo, H. 
& Lipton, D., SIAM J Applied Math 48:1073 (1988)). 
Methods commonly employed to determine identity or simi 
larity betWeen tWo sequences include, but are not limited to, 
those disclosed in Guide to Huge Computers, Martin J. 
Bishop, ed., Academic Press, San Diego, 1994, and Carillo, 
H. & Lipton, D., SIAM JApplied Math 48:1073 (1988). 
Methods to determine identity and similarity are codi?ed in 
computer programs. Preferred computer program methods 
to determine identity and similarity betWeen tWo sequences 
include, but are not limited to, GCG program package 
(Devereux, J., et al., Nucleic Acids Research 12(1):387 
(1984)), BLASTP, BLASTN, FASTA (Atschul, S. F., et al., 
J Molec Biol 215:403 (1990)), and CLUSTALW. For 
sequences displaying a relatively high degree of homology, 
alignment can be effected manually by simply lining up the 
sequences and manually or visually matching the conserved 
portions. 
[0081] Therefore, as used herein, the term “identity” rep 
resents a comparison betWeen a test and a reference 
polypeptide or polynucleotide. For example, a test polypep 
tide may be de?ned as any polypeptide that is 90% or more 
identical to a reference polypeptide. 

[0082] For the alignments presented herein (see, FIG. 5) 
for the AAV serotype, the CLUSTALW program Was 
employed With parameters set as folloWs: scoring matrix 
BLOSUM, gap open 10, gap extend 0.1, gap distance 40% 
and transitions/transversions 0.5; speci?c residue penalties 
for hydrophobic amino acids (DEGKNPQRS), distance 
betWeen gaps for Which the penalties are augmented Was 8, 
and gaps of extremities penaliZed less than internal gaps. 

[0083] As used herein, a “corresponding” position on a 
protein, such as the AAV rep protein, refers to an amino acid 
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position based upon alignment to maximize sequence iden 
tity. For AAV Rep proteins an alignment of the Rep 78 
protein from AAV-2 and the corresponding protein from 
other AAV serotypes (AAV-1, AAV-6, AAV-3, AAV-3B, 
AAV-4, AAV-2 and AAV-5) is shoWn in FIG. 5. The “hit” 
positions are shoWn in italics. 

[0084] As used herein, the term at least “90% identical to” 
refers to percent identities from 90 to 100% relative to the 
reference polypeptides. Identity at a level of 90% or more is 
indicative of the fact that, assuming for exempli?cation 
purposes a test and reference polynucleotide length of 100 
amino acids are compared. No more than 10% (i.e., 10 out 
of 100) amino acids in the test polypeptide differs from that 
of the reference polypeptides. Similar comparisons may be 
made betWeen a test and reference polynucleotides. Such 
differences may be represented as point mutations randomly 
distributed over the entire length of an amino acid sequence 
or they may be clustered in one or more locations of varying 
length up to the maximum alloWable, e.g. 10/100 amino acid 
difference (approximately 90% identity). Differences are 
de?ned as nucleic acid or amino acid substitutions, or 
deletions. 

[0085] As used herein, it is also understood that the terms 
substantially identical or similar varies With the context as 
understood by those skilled in the relevant art. 

[0086] As used herein, genetic therapy involves the trans 
fer of heterologous nucleic acids to the certain cells, target 
cells, of a mammal, particularly a human, With a disorder or 
conditions for Which such therapy is sought. The nucleic 
acid, such as DNA, is introduced into the selected target 
cells in a manner such that the heterologous nucleic acid, 
such as DNA, is expressed and a therapeutic product 
encoded thereby is produced. Alternatively, the heterologous 
nucleic acid, such as DNA, may in some manner mediate 
expression of DNA that encodes the therapeutic product, or 
it may encode a product, such as a peptide or RNA that in 
some manner mediates, directly or indirectly, expression of 
a therapeutic product. Genetic therapy may also be used to 
deliver nucleic acid encoding a gene product that replaces a 
defective gene or supplements a gene product produced by 
the mammal or the cell in Which it is introduced. The 
introduced nucleic acid may encode a therapeutic com 
pound, such as a groWth factor inhibitor thereof, or a tumor 
necrosis factor or inhibitor thereof, such as a receptor 
therefor, that is not normally produced in the mammalian 
host or that is not produced in therapeutically effective 
amounts or at a therapeutically useful time. The heterolo 
gous nucleic acid, such as DNA, encoding the therapeutic 
product may be modi?ed prior to introduction into the cells 
of the afflicted host in order to enhance or otherWise alter the 
product or expression thereof. Genetic therapy may also 
involve delivery of an inhibitor or repressor or other modu 
lator of gene expression. 

[0087] As used herein, heterologous or foreign nucleic 
acid, such as DNA and RNA, are used interchangeably and 
refer to DNA or RNA that does not occur naturally as part 
of the genome in Which it is present or Which is found in a 
location or locations in the genome that differ from that in 
Which it occurs in nature. Heterologous nucleic acid is 
generally not endogenous to the cell into Which it is intro 
duced, but has been obtained from another cell or prepared 
synthetically. Generally, although not necessarily, such 
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nucleic acid encodes RNA and proteins that are not normally 
produced by the cell in Which it is expressed. Any DNA or 
RNA that one of skill in the art Would recogniZe or consider 
as heterologous or foreign to the cell in Which it is expressed 
is herein encompassed by heterologous DNA. Heterologous 
DNA and RNA may also encode RNA or proteins that 
mediate or alter expression of endogenous DNAby affecting 
transcription, translation, or other regulatable biochemical 
processes. Examples of heterologous nucleic acid include, 
but are not limited to, nucleic acid that encodes traceable 
marker proteins, such as a protein that confers drug resis 
tance, nucleic acid that encodes therapeutically effective 
substances, such as anti-cancer agents, enZymes and hor 
mones, and DNA that encodes other types of proteins, such 
as antibodies. 

[0088] Hence, herein heterologous DNA or foreign DNA, 
includes a DNA molecule not present in the exact orientation 
and position as the counterpart DNA molecule found in the 
genome. It may also refer to a DNA molecule from another 
organism or species (i.e., exogenous). 

[0089] As used herein, a therapeutically effective product 
introduced by genetic therapy is a product that is encoded by 
heterologous nucleic acid, typically DNA, that, upon intro 
duction of the nucleic acid into a host, a product is expressed 
that ameliorates or eliminates the symptoms, manifestations 
of an inherited or acquired disease or that cures the disease. 

[0090] As used herein, isolated With reference to a nucleic 
acid molecule or polypeptide or other biomolecule means 
that the nucleic acid or polypeptide has separated from the 
genetic environment from Which the polypeptide or nucleic 
acid Were obtained. It may also mean altered from the 
natural state. For example, a polynucleotide or a polypeptide 
naturally present in a living animal is not “isolated,” but the 
same polynucleotide or polypeptide separated from the 
coexisting materials of its natural state is “isolated”, as the 
term is employed herein. Thus, a polypeptide or polynucle 
otide produced and/or contained Within a recombinant host 
cell is considered isolated. Also intended as an “isolated 
polypeptide” or an “isolated polynucleotide” are polypep 
tides or polynucleotides that have been puri?ed, partially or 
substantially, from a recombinant host cell or from a native 
source. For example, a recombinantly produced version of a 
compounds can be substantially puri?ed by the one-step 
method described in Smith and Johnson, Gene 67:31-40 
(1988). The terms isolated and puri?ed are sometimes used 
interchangeably. 

[0091] Thus, by “isolated” is meant that the nucleic is free 
of the coding sequences of those genes that, in the naturally 
occurring genome of the organism (if any) immediately 
?ank the gene encoding the nucleic acid of interest. Isolated 
DNA may be single-stranded or double-stranded, and may 
be genomic DNA, cDNA, recombinant hybrid DNA, or 
synthetic DNA. It may be identical to a native DNA 
sequence, or may differ from such sequence by the deletion, 
addition, or substitution of one or more nucleotides. 

[0092] Isolated or puri?ed as it refers to preparations made 
from biological cells or hosts means any cell extract con 
taining the indicated DNA or protein including a crude 
extract of the DNA or protein of interest. For example, in the 
case of a protein, a puri?ed preparation can be obtained 
folloWing an individual technique or a series of preparative 
or biochemical techniques and the DNA or protein of 












































































